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LASER SCANNING APPARATUSES, LASER SCANNING METHODS AND 

ARTICLE OF MANUFACTURE 

FIELD OF THE INVENTION 
[0001] Aspects of the invention relate to laser scanning apparatuses, laser 
scanning methods, and article of manufacture. 

BACKGROUND OF THE INVENTION 
[0002] Lasers are used as light sources in many consumer and industrial 

products including laser printers and optical communication links. In laser 
printers, light output of the laser may be modulated to selectively discharge the 
photoconductive drum. In optical communication links, the light output of the 
laser may be modulated to represent the states of a digital information signal. 
Lasers having a modulated light output are also used to write a digital 
information signal on an optical disc, for example. In these and other 
applications, the need to modulate the output of the laser to controlled power 
levels normally precludes modulating the light output by simply switching the 
laser on and off. 

[0003] Recently, vertical-cavity surface-emitting lasers (VCSELs) have 

been introduced. Such lasers may be formed in a structure of semiconductor 
layers deposited on a semiconductor substrate, and emit light from a port in the 
surface of the structure, instead of from a very narrow region on the cleaved 
edge of the device, as in an edge-emitting laser. A VCSEL offers numerous 
performance advantages over an edge-emitting laser. For example, a VCSEL 
inherently has a smaller numeric aperture and generates a light beam of 
increased symmetry compared with an edge-emitting laser. As a result, the light 
from the VCSEL can be coupled into an optical system of the laser printer or 
optical communication link more efficiently than the light from the edge-emitting 
laser. However, the VCSEL generally emits a light beam in a single direction 
instead of the multiple light beams emitted by the edge-emitting laser. 
Accordingly, a VCSEL-based light source^ generating light with a controlled 
intensity cannot be implemented simply by substituting a VCSEL for an edge- 
emitting laser in a laser scanning apparatus which utilizes a second light beam 
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from the source for controlling the output of the source. An alternative 
arrangement is desired to monitor and/or control the intensity of the light 
generated by the VCSEL. 

[0004] Some devices split off a portion of a light beam output from a 
VCSEL light source and direct one of the beams towards a monitor photodiode. 
However, splitting of the light beam for monitoring involves additional 
complexity along with added costs. 

[0005] Aspects described herein provide improved laser scanning 

apparatuses and laser scanning methods. 

SUMMARY OF THE INVENTION 
[0006] At least some embodiments of the invention relate to laser 
scanning apparatuses, laser scanning methods, and article of manufacture. 
[0007] in one embodiment, a laser scanning apparatus is disclosed. The 
laser scanning apparatus includes a light source configured to emit a light beam 
in a single direction, a scanning device optically coupled with the light source 
and configured to scan the light beam along a photoconductor in a plurality of 
scan lines. The laser scanning apparatus also includes a start-of-scan detector 
assembly configured to sample the light beam and initiate a start-of-scan 
operation of one of the scan lines of information to be written on the 
photoconductor, and wherein the sampled light beam is used to control a drive 
level of the light source. 

[0008] In another aspect, a laser scanning method is disclosed. The 

method includes emitting a light beam in a single direction using a light source, 
providing a rotating scanning device and a photoconductor. The light beam is 
scanned along the photoconductor using the rotating scanning device, and the 
light beam from the rotating scanning device is sampled using a sampling 
assembly. The method also includes controlling a drive level of the light source 
responsive to the sampled light beam, and initiating writing of a scan line of 
information onto the photoconductor using the sampling assembly. 
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DESCRIPTION OF THE DRAWINGS 
[0009] Fig. 1 is a prior art edge-emitting laser diode light source having a 

monitor photodiode. 

[0010] Fig. 2 is a high-level block diagram of a hard imaging device 

according to one embodiment. 

[0011] Fig. 3 is a functional schematic of a laser scanning apparatus 

according to one embodiment. 

[0012] Fig. 4 is a block diagram of the laser scanning apparatus with a 

control system according to one embodiment. 

[0013] Fig. 5 is a block diagram illustrating exemplary details of a control 

system according to one embodiment. 

[0014] Fig. 6 is an illustration of an exemplary light source shown in Fig. 3 

emitting a light beam in a single direction according to one embodiment. 
[0015] Fig. 7 is a flow chart of a methodology to monitor and control 

output power of a light source according to one embodiment. 

DETAILED DESCRIPTION OF THE INVENTION 
[0016] At least some embodiments of the invention relate to laser 
scanning apparatuses, laser scanning methods, and article of manufacture. 
[0017] Referring to Fig. 2, an exemplary high-level block diagram of a hard 

imaging device 10 is shown in accordance with one embodiment of the 
invention. The exemplary hard imaging device 10 comprises a laser printer. 
Other configurations configured to form hard images upon media 130 are 
possible, and include for example, multi-function peripherals, copters, facsimile 
devices, etc. The depicted hard imaging device 10 configured as a laser printer 
includes a formatter 90, a laser scanning apparatus 100, a photoconductor or a 
photoconductive member 110, and a developer/fusing assembly 120. 
[0018] The formatter 90 may be configured to perform image data 
processing operations (e.g., rasterization) of data received by the formatter 90 
from an external source (not shown), internally generated, or otherwise 
accessed. 
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[0019] The laser scanning apparatus 100 is configured to scan information 

formatted by the formatter 90. Further details of an exemplary configuration of 
the laser scanning apparatus 100 are described below at Fig. 3. 
[0020] The photoconductor 110 includes a rotating imaging surface 
configured to receive information scanned by the laser scanning apparatus 100. 
One or more lines of information (e.g., information formatted by the formatter 
90) may be scanned by the laser scanning apparatus 100 onto the 
photoconductor 110. 

[0021] The developer/fusing assembly 120 may be configured to develop 

information written onto the photoconductor 110 using a marking agent (e.g., 
toner), and transfer and fuse the developed image to media 130 (e.g., hard- 
imaging media such as paper, transparencies, etc.). Assembly 120 may be 
referred to as an image engine in one embodiment. 

[0022] Referring to Fig. 3, an exemplary laser scanning apparatus 100 as 
shown in Fig. 2 and arranged according to one embodiment is illustrated. The 
depicted laser scanning apparatus 100 includes a light source 102, initial optics 
104, a scanning device 106, a lens 108, and a start-of-scan detector assembly 
112. 

[0023] In one embodiment, the light source 102 is configured to only emit 

a light beam in a single direction. Other configurations of light sources 102 
capable of emitting a light beam for use herein are possible. 

[0024] The initial optics 104 may include optical elements (e.g., 

collimating lens) configured to focus a light beam from the light source 102 onto 
the scanning device (e.g., a facet of the scanning device) 106 for scanning the 
light beam onto a photoconductor 110. 

[0025] The scanning device 106 is optically coupled with the light source 

102 and configured to scan a light beam emitted from the light source 102 onto 
photoconductor 110. In one embodiment, the scanning device 106 may be a 
rotating polygon mirror. Other configurations for scanning a light beam onto the 
photoconductor 110 are possible. 

[0026] In one configuration, lens 108 may be used to focus a light beam 
from the scanning device 106 onto the photoconductor 110. The lens 108 may 
be configured so as to scan the light beam onto the photoconductor 110 in a 
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plurality of scan lines corresponding to respective facets of an exemplary 
rotating polygonal scanning device 106. A scan direction of the light beann onto 
the photoconductor 1 10 is illustrated in Fig. 3. Light is repeatedly scanned in an 
upward scan direction corresponding to respective rotating facets of scanning 
device 106. Photoconductor 110 is configured to rotate about an axis parallel 
with the scan direction during scanning operations to receive a plurality of scan 
lines of information. 

[0027] In one embodiment, the start-of-scan detector assembly 112 

comprises a mirror 114, a device 116 (e.g., a knife edge device), and a 
photodetector 118 configured to capture light scanned by the scanning device 
106 for triggering start-of-scan operations for writing information from formatter 
90 onto photoconductor 110 in respective scan lines. A single photodetector 
118 is shown for purposes of illustration. A plurality of photodetectors are 
possible in other embodiments. In the exemplary embodiment, mirror 114 is 
configured so as to reflect a light beam scanned by the scanning device .106 
towards the photodetector 118. Interruption of the light beam by the device 
1 1 6 is used to initiate start-of-scan operations for respective scan lines. The 
interruption of the light beam by device 116 is used to determine timing to 
initiate writing of respective lines of information (e.g., information from 
formatter 90) onto the photoconductor 1 10 in one embodiment. 
[0028] As described in detail below, light is sampled to control the drive 

level of light source 102 using a sampling assembly 113. An exemplary 
configuration of sampling assembly 113 comprises start-of-scan detector 
assembly 112 although other configurations are possible. In one embodiment, 
the light beam reflected from the scanning device 106 onto the photodetector 
118 comprises a sampled light beam used to determine an intensity of the light 
beam outputted from light source 102. As described below in one example, the 
sampled light beam is used to implement feedback control of intensity of light 
outputted by the light source 102. In one embodiment, the intensity of light 
received at photodetector 118 closely matches the intensity of light outputted 
by the light source 102 without being diminished (e.g., no light is split from light 
source 102 in one embodiment). 
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[0029] Sampling of the light beam from the light source 102 is performed 

before a scan line is written on the photoconductor 110 in order to control an 
output power of the light source 102 in the exemplary arrangement wherein 
sampling assembly 113 is implemented using assembly 112. Thus, output 
power of the light source 102 is determined, by the above described exemplary 
sampling, prior to initiating a scan of the light beam onto the photoconductor 
110 for a respective scan line. 

[0030] In one embodiment, the start-of-scan detector assembly 1 1 2 is 

disposed outside of a scan area 1 1 1 of the photoconductor 1 10 as illustrated in 
Fig. 3. The scan area 1.1 1 corresponds to an area where scan lines are written 
upon the photoconductor 1 10 in one embodiment. 

[0031] The photodetector 118 may be configured to generate an electrical 
signal representing the intensity of received light energy. The intensity of the 
light energy received by the photodetector 118 may be an indication of output 
power of the light source 102. The output power of the light source 102 may 
be varied by varying its drive level using a feedback arrangement using output of 
photodetector 118 corresponding to received light as described below with 
respect to Fig. 4. 

[0032] In one embodiment, the sampling assembly 113 including 

photodetector 118 samples for individual scan lines light output of light source 
102 once per respective scan line, and the sampling is used to control the drive 
level of the light source 102 for the entire respective scan line following the 
sampling of the light output of the light source 102. In one such arrangement, 
the light beam from the light source 102 may be sampled by the start-of-scan 
assembly 112 before the scan line is written onto the photoconductor 1 10. The 
intensity of light for the next scan line may be different responsive to respective 
sampling by sampling assembly 113 for that respective scan line. Other 
alternatives of the sampling frequency (e.g., sampling more than once during 
writing of a single line of information on the photoconductor 110) are possible 
depending on the characteristics of a light source 102, the configuration of the 
sampling assembly 113, etc. 

[0033] Fig. 4 shows a functional block diagram 200 for controlling a drive 
level of light source 102 to achieve a desired output power, in accordance with 
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an embodiment of the invention. It may be desired to maintain the intensity of 
light source 102 substantially constant during imaging operations in one 
embodiment (e.g., imaging a plurality of scan lines of an image or plurality of 
images being formed). 

[0034] The control system 202 is configured to receive an output signal 
from the sampling assembly 113, the output signal representing an output 
power of the light beam from the light source 102 and sampled in a manner as 
described above at Fig. 3. For example, an output signal from the sampling 
assembly 1 1 3 provides feedback to control system 202 for comparison 
operations. The control system 202 is configured to compare the output power 
of the sampled light beam with a predetermined value(s) and issue control 
signals to control a drive level of the light source 102 in order to maintain a 
desired output power level of the light source 102 during writing of information 
(e.g., single line of information) onto the photoconductor 110. The control 
signals issued by the control system 202 may be applied to appropriate circuitry 
(not shown) of the light source 102 in order to control a drive level of the light 
source 102, thereby controlling an output power of the light source 102. ; In 
one embodiment, control system 202 outputs control signals to provide a 
substantially constant output of light intensity from light source 102 during 
individual scan lines, during scan of all lines, or during other desired period. ' 
[0035] Fig. 5 is a functional block diagram illustrating additional details of 
an exemplary control system 202 configured to control an output power of the 
light source 102 (Fig. 3). In one embodiment, the control system 202 comprises 
processing circuitry 302, a storage device 304 having a database 306, and an 
interface 308. Other implementations of the control system 202 are possible. 
[0036] The processing circuitry 302 may be configured to receive an 

output signal from the sampling assembly 113 and to process the received 
signal by performing a comparison of the received signal with predetermined 
value(s) stored, for example, in the storage device 304. For example, 
predetermined values may be set in a database 306 by the manufacturer to 
provide a substantially constant output of light from the light source 102 (Fig. 
3). 
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[0037] Accordingly, processing circuitry 302 may be configured to 

process data and issue control signals to control an output power of the light 
source 102 of the laser scanning apparatus 100 (Fig. 3). In one embodiment, 
processing circuitry 302 may comprise circuitry configured to execute provided 
programming. For example, processing circuitry 302 may be implemented as a 
microprocessor or other structure configured to execute executable instructions 
of programming including, for example, software and/or firmware instructions. 
Other exemplary embodiments of processing circuitry 302 include hardware 
logic, PGA, FPGA, ASIC, and/or other structures. These examples of processing 
circuitry 302 are for illustration and other configurations are possible for 
implementing operations discussed herein. 

[0038] As mentioned above in one example, the storage device 304 may 
be configured to store predetermined value(s) corresponding to one or more 
desired output power level(s) in database 306. For example, the predetermined 
value(s) may be stored in the form of a table in the database 306 of the storage 
device 304, and the stored information may be configured for retrieval by the 
processing circuitry 302. In one embodiment, processing of signals or values 
received from the sampling assembly 113 is performed in order to determine a 
deviation of a received signal when compared to a predetermined value(s) 
retrieved from the storage device 304. 

[0039] The storage device 304 may also be configured to store electronic 

data, file systems having one or more electronic files, programming such as 
executable instructions (e.g., software and/or firmware for use by processing 
circuitry 302), and/or other digital information and may include processor-usable 
media. Processor-usable media includes any article of manufacture which can 
contain, store, or maintain programming, data and/or digital information for use 
by or in connection with an instruction execution system including processing 
circuitry in the exemplary embodiment. Stored programming may be configured 
to cause processing circuitry 302 to adjust an output power level of the light 
source 102 responsive to output of the start-of-scan detector assembly 112 in 
one embodiment. Exemplary processor-usable media may include any one of 
physical media such as electronic, magnetic, optical, electromagnetic, infrared or 
semiconductor media. Some more specific examples of processor-usable media 
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include, but are not limited to, a portable magnetic computer diskette, such as a 
floppy diskette, zip disk, hard drive, random access memory, read only memory, 
flash memory, cache memory, and/or other configurations capable of storing 
programming, data, or other digital information. 

[0040] Interface 308 may be configured to communicate electronic data 

or control signals externally of the control system 202, for example, with 
respect to the light source 102 and sampling assembly 113. In one 
embodiment, interface 308 may be arranged to receive information from an 
external device (e.g., sampling assembly 113), and communicate information to 
an external device (e.g., light source 102) for controlling a drive level of the 
external device, (e.g., light source 102). 

[0041] Fig. 6 illustrates an exemplary light source (e.g., vertical cavity 

surface emitting laser (VCSEL)) emitting a light beam in only a single direction. 
Other light source configurations are possible. 

[0042] Referring to Fig. 7, an exemplary methodology performed by the 

laser scanning apparatus 100 (Fig. 3) for sampling output power of the light 
source 102 (Fig. 3), and the control system 202 (Fig. 4) for controlling a drive 
level of the light source 102 (Fig. 3) is shown. Other methods are possible 
including more, less or alternative steps. 

[0043] At a step 502, a light beam is emitted from the light source 

towards the scanning device. 

[0044] At a step 504, the light beam emitted from the light source is 

received in a sampling assembly (e.g., photodetector of the sampling assembly). 
[0045] At a step 506, the received light beam is sampled by the sampling 

assembly to determine an output power (e.g., intensity) of the light beam. The 
sampling of the light beam is preferably performed before initiating start-of-scan 
operations to write a respective line of information onto the photoconductor. 
[0046] At a step 508, the processing circuitry of the control system 

determines if the intensity (e.g., output power) of the light beam from the light 
source is within predetermined limits during scanning of information (e.g., a 
respective scan line of information) onto the photoconductor. If appropriate, the 
processing circuitry may vary a control signal provided to the light source to 
provide light having a substantially constant intensity of a predetermined level in 
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one embodiment. If the light intensity is within an acceptable range, the control 
signal may be unchanged. 

[0047] At a step 510, start-of-scan operations may be implemented 
wherein data for the scan line is applied to the light source to write a respective 
scan line of information onto the photoconductor. 

[0048] One advantage of the present invention is that it eliminates a need 

for splitting a beam of light from the light source to monitor output power of the 
light source, thus reducing complexity of the arrangement and reducing costs. 
[0049] The protection sought is not to be limited to the disclosed 

embodiments, which are given by way of example only, but instead is to be 
limited only by the scope of the appended claims. 
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